Abstract. The altered expression of certain genes is frequently detected as a hallmark of malignant tumors. These differentially expressed genes have the potential to become molecular markers. We purified the fecal mRNA from patients with colorectal cancer to identify novel candidates by using oligonucleotide microarray hybridization. We identified 21 upregulated and 22 downregulated candidates with significantly altered expression in patient fecal samples that have not been previously characterized. A gene encoding a homologue of the Drosophila headcase protein (HECA) was further examined due to its high ranking and possible importance in some human cancers. A tendency towards increased expression of HECA was dependent upon the clinicopathological stage. In this report, healthy individuals expressed less HECA, either in their blood samples or feces. Moreover, we detected upregulated HECA in blood and fecal samples of patients with colorectal cancer, and its expression level was shown to be significantly correlated with disease status. Our data show that HECA may be an early-stage classifier of colorectal cancer that can discriminate between late-and early-stage disease. In conclusion, this study is the first to analyze differentially expressed genes in the feces of colorectal cancer patients using oligonucleotide microarrays. The data suggest that HECA expression levels in feces may be an effective classifier for early-stage colorectal cancer.
Introduction
Human cancers frequently result from multiple genetic alterations (1) . The altered expression of certain genes has been detected in a variety of malignant tumors (2, 3) . Colorectal cancer has shown a dramatic increase in incidence to become one of the most common malignancies worldwide (4) . Because it is a molecular genetic disease, cancer genes and their ultimate expression could be keys to the development of successful therapies (5) . Thus, it is not surprising that many genes have been characterized with aberrant expression and mutations in colorectal cancer (6) . However, most of the differentially expressed genes were identified using arraybased studies with cancerous and corresponding noncancerous colonic epithelia (7, 8) .
Studies using human feces have been the target for noninvasive colorectal cancer detection in the last decade (9) . The feasibility of isolating intact colonic cells from feces has been well demonstrated (10) . Moreover, the analysis of molecular biomarkers has been used for some specific medical diagnoses. For examples, fecal protein serves as a sample for enzyme-linked immunosorbent assays (ELISA) (11) , and fecal DNA has been examined for the identification of intestinal bacteria (12) and viruses causing gastroenteritis (13) . For the purpose of analyzing gene expression, fecal total RNA must first be purified from frozen feces (14) . Upon examination, many genes were shown to change their expression in colorectal cancer patients (15, 16) . We previously established an organic solvent-free method of extracting fecal total RNA and revealed the aberrant presence of fecal CK19 to be a potential biomarker of colorectal cancer progression (17) . However, there are likely to be many other molecular biomarkers with different expression levels in the feces of patients with colorectal cancer.
Advanced microarray technologies were used to define global changes in gene expression (18) . Many researchers have reported expression array-based studies analyzing colorectal cancer with corresponding noncancerous colonic epithelia (7, 8, 19) . With a view toward colorectal cancer screening across the general population, we purified the fecal mRNA from patients with this tumor. Such fecal mRNA served as targets for microarray hybridization to identify differentially expressed genes in feces. Further validation was performed with samples of feces, blood, and paired tissue using reverse transcription-PCR (RT-PCR). The aim of the present study was to investigate the uncharacterized candidates that correlated with colorectal cancer and may lead to a possible fecal molecular marker of colorectal cancer.
Materials and methods
Patients, tissue, blood, and fecal samples. Patients with colorectal cancer were classified by Dukes' staging, and their initial tumor stages were categorized. All clinical samples in this study were obtained from the Cathay General Hospital or Taipei Veterans General Hospital with the informed consent of the patient or their legal representative. Colorectal cancer and corresponding normal tissues were snap-immersed into RNAlater and stored according to the manufacturer's instructions (Ambion, Austin, TX). Blood in EDTA tubes and feces in specific preservation buffer were collected from healthy volunteers and patients with colorectal cancer (17) .
Cancer cell lines and human multiple tissue cDNA. Seven colon cancer cell lines (DLD-1, SW480, LS174T, HT29, LoVo, Caco-2, and HCT116) with epithelial morphology were purchased either from the American Type Culture Collection (ATCC; Manassas, VA) or Bioresource Collection and Research Center (BCRC; Hsinchu, Taiwan). All cultured cells were maintained in Dulbecco's modified Eagle's medium with 5 mM glutamine, 1:500 antibiotics/ antimitotics, and 10% fetal calf serum, according to routine culture procedures. The human multiple tissue cDNA panel (spleen, thymus, prostate, testis, ovary, small intestine, colon, and peripheral blood leukocytes), Human MTC Panel II (BD Biosciences Clontech, Mountain View, CA), was used as a PCR template according to the manufacturer's protocol.
Total RNA extraction. Total RNA from tissues and cultured cells were extracted using Trizol reagent, according to the manufacturer's procedures (Invitrogen, Carlsbad, CA). Blood samples were prepared using the QIAamp RNA Blood Mini kit according to the manufacturer's instructions (Qiagen, Valencia, CA). Fecal total RNA was purified according to our previous report (17) .
Fecal mRNA preparation and linear amplification for labeling. For oligonucleotide array hybridization, approximately 0.1 mg of fecal total RNA was further purified using the Oligotex mRNA kit (Qiagen) according to the manufacturer's protocol. A normal pool was made from equal amounts of total fecal RNA from two healthy adult males. Approximately 5 ng of each fecal mRNA was first amplified with a RiboAmp OA RNA Amplification kit (Arcturus, Mountain View, CA) to yield 0.2 to 1.5 μg of amplified RNA. Fluorescently labeled cRNA was then synthesized by in vitro transcription of fecal amplified RNA (0.2-1.5 μg) using the Agilent Fluorescent Linear Amplification kit (Agilent Technologies, Palo Alto, CA) in the presence of Cy5-CTP (Perking-Elmer, Wellesley, MA) according to the manufacturer's procedures. An appropriate universal human reference RNA (272 ng) (Stratagene, La Jolla, CA) was also amplified and labeled as described above except that the fluorescent dye was changed to Cy3-CTP (Perking-Elmer).
Oligonucleotide arrays and data extraction. For each hybridization experiment, 4 μg of Cy-labeled cRNA (2 μg Cy5-labeled fecal target and 2 μg Cy3-labeled reference target) was fragmented to an average size of approximately 50-100 nucleotides by incubation with fragmentation buffer Table I . Sequence, expected fragment size and annealing temperature of primers used in the RT-PCR analysis of the upregulated candidate in patients with colorectal cancer. b In fecal gene amplifications, the first round was performed with 0.1 μM outer primers and subsequent amplification with 0.4 μM inner primers.
c Forward, forward primer; Reverse, reverse primer. d Amplifications from cell lines, multiple tissue panel, tissue, and blood samples were carried out with only inner primers (0.1 μM), and the annealing temperature was set at 60˚C.
at 60˚C for 30 min. Fragmented labeled cRNA was then hybridized to the Agilent Human 1A oligo microarray (version 2) (Agilent Technologies) at 60˚C for 17 h (20, 21) . After washing and drying under nitrogen, microarrays were scanned with an Agilent microarray scanner (Agilent Technologies) at 535 nm for Cy3 and 625 nm for Cy5. Scanned images were analyzed by Agilent feature extraction software (version 7.5) (Agilent Technologies), and the quantified signal and background intensities for each feature were substantially normalized by the rank consistency filtering Lowess method (22) . Signal information from patients with colorectal cancer was compared with the normal pool.
Reverse transcription-polymerase chain reaction (RT-PCR).
We performed RT-PCR to evaluate candidates from the microarray. Clinical samples (tissue, blood and feces) and colorectal cancer cell lines were subjected to RT-PCR analyses. Total RNA (1 μg) was reverse transcribed for single-stranded cDNAs using an oligo(dT)12 primer with the PowerScript ® Reverse Transcriptase kit (BD Biosciences Clontech) according to the manufacturer's protocol. Synthesized cDNA could be used directly in the PCR. A housekeeping gene, glyceraldehydes-3-phosphate dehydrogenase (G3PDH; for tissue and blood samples) or cytokeratin-18 (CK18; for fecal samples), was used as an internal control. Primer sequences and PCR programs for these two housekeeping genes were as previously described (17, 23) . Primer sequences and optimal PCR annealing temperatures for target genes are listed in Table I . Except for the amplifications from fecal total RNA, each PCR was carried out in one round in a 20 μl reaction volume. In fecal gene amplifications, subsequent amplifications with nested primers used 2 μl of a 50-fold dilution of the first round product as the template with a final reaction volume of 20 μl. All final PCR products were separated on 2% agarose gel, stained with ethidium bromide, and visualized under UV illumination. PCR bands of the predicted size were isolated and subjected to sequencing (ABI 3100; Applied Biosystems, Foster City, CA) to confirm gene identities. Expression levels of the target gene were quantified using ImageQuant software (Amersham Biosciences, Piscataway, NJ) and normalized to G3PDH levels (24) .
Statistical analysis. The Student's t-test was used, with statistical significance set at p<0.01 to extract data from the hybridization of oligonucleotide array, and p<0.05 to compare differences between low and high expression of target genes. Statistical comparisons were performed with the highest mean intensity. ONCOLOGY REPORTS 15: 919-926, 2006 Table II. Novel candidates demonstrating a significant upregulated change in the feces of patients with early-stage colorectal cancer (>3-fold difference, p<0.01). 
Results
Novel candidates significantly changed in the feces of patients with early-stage colorectal cancer. In this study, we identified 21 upregulated (>3-fold difference, p<0.01) and 22 downregulated (<1/3-fold difference, p<0.01) novel candidates from the Agilent oligonucleotide microarray system based on intensity and p-value (Tables II and III) . These selected candidates showed homology to other wellknown proteins, hypothetical proteins, open reading frames, or proteins with unknown function.
A homologue of the Drosophila headcase protein is upregulated and related to early-stage colorectal cancer.
To examine the reliability of our microarray data and identify upregulated molecules in patients with colorectal cancer, a gene encoding a homologue of the Drosophila headcase protein (HECA; NM_016217) was chosen from the list of upregulated genes for additional validation (Table II) . HECA was chosen based on its top 4 ranking in the list of upregulated novel candidates and its possible importance in some human cancers (25) .
Expression of HECA in colorectal cancer cell lines and the multiple tissue panel. The expression of HECA was assessed for its suitability as a specific tumor marker for colorectal cancer. Total RNA was extracted from seven colorectal cancer cell lines, reverse-transcribed into cDNA and then PCR amplified with HECA-specific primers. Although other researchers have shown only low-level expression of HECA in pancreatic and renal cancer cell lines (25) , all of the colorectal cancer cell lines in this study expressed HECA (Fig. 1A) . Compared with the expression of HECA in LoVo cells (1.2-fold to G3PDH, Dukes' stage C), the relative expression of HECA in two cell lines, SW480 and LS174T (both at Dukes' stage B), was increased 12.0-fold and Table III . Novel candidates demonstrating a significant downregulated change in the feces of patients with early-stage colorectal cancer (<1/3-fold difference, p<0.01). 
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10.0-fold, respectively. In addition, HCT116 (Dukes' stage unknown) showed a moderate increase in the expression of HECA to 4.8-fold, and DLD-1 (Dukes' stage C) showed a 8.1-fold upregulated expression. However, the levels of HECA expression in HT29 (1.8-fold) and Caco-2 (1.7-fold) were closer to LoVo that possessed the lowest expression of HECA in this study (Fig. 1B) . Moreover, we also employed PCR to analyze the tissue distribution of HECA from multiple human tissue cDNA samples. Likewise PCR products of HECA were readily visible in the spleen, thymus, prostate, testis, small intestine, colon, and peripheral blood leukocytes, but less so in the ovary (Fig. 2A) . When comparing the HECA expression levels of colon tissue (1.5-fold to G3PDH) with other tissues, except that of the ovary (0.8-fold), the spleen (7.9-fold), prostate (6.0-fold), peripheral blood leukocytes (4.7-fold), testis (3.8-fold), and small intestine (1.7-fold) expressed higher levels of HECA (Fig. 2B) . dilution at which amplification remained within the linear range (Fig. 3) . To establish an internal standard for each sample, G3PDH-specific amplifications were also performed with HECA. Relative quantitation of cancerous HECA expression is displayed in Fig. 3 . Evaluation of RT-PCR results revealed that the altered expression of HECA could be detected in colorectal cancer tissue from four early-stage patients. They showed a 1.7-to 6.1-fold change in the relative expression of HECA. At Dukes' stages C and D, colonic cancerous tissue had a tendency to decrease the expression of HECA and showed a cancerous:noncancerous ratio of 0.3-to 0.6-fold.
Expression of HECA in blood samples. To validate the upregulated HECA in patients with early-stage colorectal cancer, blood samples from healthy individuals, and Dukes' stage A or B (n=21) and Dukes' stage C or D (n=12) patients were studied by RT-PCR analysis. For evaluation of variation and central tendency of data, this processed data was presented as a box plot (Fig. 4) . The boxes are defined by the 25th and 75th percentiles and divided by the median values. The whiskers indicate the 10th and 90th percentiles. HECA was significantly upregulated (p=0.0019) in blood samples from all patients (n=34). Patients with Dukes' stage A or B (p=0.0007) and Dukes' stage C or D (p=0.0066) showed a significant increase in the expression of HECA when compared with those of the healthy individuals. A comparison between the various stages showed that patients with Dukes' stage A or B expressed significantly more HECA in blood than Dukes' stage C or D patients (p=0.0345). These findings were in partial agreement with the data from cancer cell lines in which cells at an earlier stage expressed more HECA than cells at a later stage (Fig. 1) .
Expression of HECA in feces. Upregulated HECA was also confirmed in feces from patients with colorectal cancer. Fecal total RNA was purified from healthy individuals (n=17), Dukes' stage A or B (n=25) and Dukes' stage C or D (n=19) patients and then analyzed by nested RT-PCR. As with the data from the blood samples, this processed data was also presented as a box plot (Fig. 5) . A significant increase (p=0.0089) was shown by comparing healthy individuals (n=17) and patients (n=44). Patients with Dukes' stage A or B (p=0.0040) and Dukes' stage C or D (p=0.0385) also significantly expressed more HECA in their feces when compared to healthy individuals.
Discussion
Colorectal cancer is a leading cause of malignant death, and better preventive strategies are needed. Research into the possible pathways leading to colorectal cancer has revealed a range of biological intermediates, which could be used to identify high-risk populations and aid the early diagnosis of cancer (26) . Further, the evaluation of molecules with significant expression patterns in early-and late-stage tumors should provide useful clinicopathological tools for the management of colorectal cancer (27) .
Human feces are a heterogeneous mixture of materials, including luxuriant populations of viable colonocytes (16, 28) . Because of the clinical availability of feces, we had previously optimized a method to extract fecal total RNA (17) . With this study, we were the first to use purified fecal mRNA as the subject for oligonucleotide microarray hybridization. The aim of this study was the high-throughput monitoring of gene expression in exfoliated colonocytes (9, 29) , quite different to that used previously by Shih et al (30) .
Microarrays are an emerging technology in the study of colorectal cancer (30) . We previously identified 2248 candidates, including 316 novel proteins, in terms of their significant differential expression between the feces of patients and control subjects (fold change ≥ 2; p<0.01) (data not shown). Thus, great strides have been made in analyzing fecal expressed genes in our laboratory and will logically progress into a noninvasive screening tool for colorectal cancer (29) .
To stratify results and study uncharacterized candidates, we listed the 45 candidates (21 up-and 22 downregulated) with a 3-fold change. In this study, a gene encoding a homologue of the Drosophila headcase protein (HECA; NM_016217) was chosen from the list of upregulated genes for additional validation. HECA was first isolated and characterized as a human gene homologous to the Drosophila headcase gene (25) . Headcase protein was found to regulate the re-entry of imaginal cells into the mitotic cycle during adult morphogenesis (31) . The gene for HECA encodes a 543 amino acid protein located on the long arm of chromosome 6 (6q23-24). HECA has been suggested to be a tumor suppressor because of its low expression and chromosomal location, being a region of common deletion in human pancreatic cancer (25) .
Of the tissue tested, our results suggest that HECA appeared to be normally expressed in many tissues (including colon tissue) but not in that of the ovary. Moreover, we found that the expression of HECA in a healthy colon was not high when compared with other tissues. For this reason, we hypothesized that increased expression may relate to the alteration of HECA in colorectal cancer.
To study the expression levels of HECA in late-and earlystage colorectal cancer, different cell lines were assayed. From the results of relative quantitation of electrophoretic gels, we found that Dukes' stage C LoVo cells expressed less HECA than other late-stage cells including DLD-1 (Dukes' stage C) and two assessed late-stage colorectal cancer cells, Caco-2 and HT29 (32, 33) . HECA was detectable in our selected colorectal cancer cell lines but with differential expression levels. Two early-stage (Dukes' stage B) cell lines, SW480 and LS174T, and the HCT116 cell line close to Dukes' stage B (33) were shown to have high HECA levels. In this study, we found that only one late-stage cell line, DLD-1, expressed more HECA but the other three late-stage cells (LoVo, Caco-2, and HT29) did not. These findings suggest that HECA may be an early-stage classifier for colorectal cancer and is able to discriminate between late and early stages.
To explore this possibility, we compared the expression patterns of HECA in paired samples of cancerous and corresponding noncancerous colonic tissue from eight patients with a pathological diagnosis of colorectal cancer. The studies on paired tissue from four early-stage patients (Dukes' stage A or B) showed higher levels of HECA expression in cancerous tissue. Such an increase in HECA expression was not found in cancerous tissue from late-stage patients (Dukes' stage C or D). These findings coincided with the results from cell lines that were defined as late stage and relatively expressed less HECA.
To assess the expression of HECA in healthy individuals, we collected 9 blood and 17 feces samples from healthy donors. These samples expressed less HECA. When the patients were subdivided into early-(Dukes' stage A or B) and late-stage (Dukes' stage C or D) groups, both samples from each patient group showed higher expression of HECA than the healthy controls. Moreover, the difference in the HECA expression found in blood samples between early-and late-stage patients was significant. It should be noted that the same trend towards reduced HECA levels from early-to-late stage existed in feces samples, although statistical significance was not achieved (p=0.0682).
Results from the analyses of tissue and blood samples suggest that HECA is expressed more often in patients with colorectal cancer, their clinicopathological stages can be determined by the expression levels of HECA, and the highest expression of HECA is observed in early-stage patients. However, the significance of the altered HECA levels is not clearly understood, nor is it clear whether these increases are a cause or consequence of colorectal cancer. In addition, other than HECA, genes for sulfide dehydrogenase-like (34), coiled-coil and C2 domain containing 1A (CC2D1A) that can activate the NF-κB and MAPK signaling pathway (35) and the hypothetical proteins, MGC10814 (36) and FLJ22662 (36) , were also upregulated and detected in feces. For the purpose of molecular staging and screening in a noninvasive manner, the data for HECA support further evaluation of other novel candidates. The clinical assessment for these differentially expressed genes remains to be undertaken.
In conclusion, the molecular biomarker, HECA, a homologue of the Drosophila headcase protein, was detected in feces and blood samples and upregulated in patients with colorectal cancer, and its expression level showed significant correlation with disease status. These results suggest that HECA from feces may be an effective molecular marker for colorectal cancer and disease progression.
